Figure S1
A screen shot of the CADEE graphical user interface, showing the alanine scan data presented in Fig. 8 and Table S3 . The data is plotted as boxplots, with the selection tool open for illustrative purposes. The selection tool displays the option menu for the residue at position 126. in the yeast enzyme, and therefore the larger discrepancy to the experimental values in these cases is therefore not surprising. It clearly illustrates that mutational effects cannot directly be transferred among enzymes from different organisms (the enzymes from chicken and Trypanosoma brucei brucei share 52% and 50% sequence identity with the yeast enzyme, respectively). Additionally, substitutions in H95, which is a catalytically critical residue in the second step (Richard, 2012) , most likely lead to a drastic increase in the activation free energy in the second step as this is the step where this residue is most catalytically relevant (see mechanism in Fig. 6(b) of the main text) and thereby making it ratelimiting, which cannot be taken into account when only modelling the first step. Furthermore, the high discrepancy for the S96P mutation can be rationalized by a structural perturbation of the active site (data not shown). Note that substitutions in the chicken enzyme involve H95 which is catalytically relevant in the subsequent reaction step (Richard, 2012) . a) Experimental kcat from Gallus gallus domesticus, obtained at 30 ºC (Blacklow & Knowles, 1990) . b) Experimental kcat from Trypanosoma brucei brucei, obtained at 25 ºC (Malabanan et al., 2011 , Zhai et al., 2013 , Richard et al., 2016 .
Experimental kcat from Saccharomyces cerevisiae, obtained at 25 ºC (Zhai et al., 2015) . The corresponding data can be found in Table S2 .
Figure S4
Atom numbering in the different VB states (corresponding to the numbering used in the EVB parameter tables provided in Section S2).
Table S1
List of residues that were ionized in the simulations, as well as the protonation patterns of histidine residues. All other residues were outside the simulation sphere and were thus kept in their unionized forms (see also Section 2.4 of the main text). (Blacklow & Knowles, 1990 , Malabanan et al., 2011 , Zhai et al., 2013 , Zhai et al., 2015 , Richard et al., 2016 Table S10 List of the atom types and Van der Waals parameters used for atoms constituting the reacting part of the system. For all atoms except reacting atoms, a standard 6-12 Lennard-Jones potential was used. In the case of the reacting atoms, which change bonding patterns between atoms i and j, an alternate function of the form Vreact = Ci Cj exp(-I j rij) was used to prevent artificial repulsion between these atoms as bonding patterns change. rij denotes the distance (Å) between atoms i and j. For atom type assignment see Table S11 . Table S11 Atom types in the different VB states (as depicted in Fig. S2 ) of atoms constituting the reacting part of the system. See Fig. S4 for atom numbering, Table S10 for the corresponding Van der   Waals parameters and Table S12 for the corresponding partial charges. For atom numbering see Fig. S4 . For bond type assignment see Table S14 .
Bond type ED a) R corresponds to Cβ in E165, which has no assigned atom number as it is not part of the reacting system (the corresponding PDB atom number is used in the setup of the simulations).
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Supporting information, sup-17 a) R corresponds to Cβ in E165, which has no assigned atom number as it is not part of the reacting system (the corresponding PDB atom number is used in the setup of the simulations).
Table S17 Torsion types and corresponding parameters used in the reacting part of the system. The torsion angle potential is described as Vtorsion = V1(1+cos(n-)) + V2(1+cos2(n-)) + V3(1+cos3(n-)), here n is the periodicity (number of maxima per turn) and  is the phase shift. For torsion type assignment see Table   S18 . a) R corresponds to Cβ in E165, which has no assigned atom number as it is not part of the reacting system (the corresponding PDB atom number is used in the setup of the simulations).
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